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SUMMAR Y 


iA The purvose of this naver if two-fold. Primarily 
it 1s to oresent the operating charecteristics and per- 
formance or the Gas Turbine manufactured by the General 
Electric Company for educational purposes. This educa- 
tional Gas Turbine is presently installed in the power 
laboratory cof the Mechanical Engineering Department of 
Rensselaer Polytechnic Institute, Troy, New York. A 
secondary purpose of this paper is to check the accuracy 
of the results by use of Orsat Apparetus, that is the 
rinal true gas stream temperature of the burner, as found 
by intensive calculations, wes checked ty use of exheust 
gas analysis. 

The gas turbine wes opvereted at all runs with ap- 
proximately 33% of its original turbine blocked off. This 
was found in a orevious report to give apvroximately maxi- 
mum comoressor efficiency and improved burner discharge 
temoeratures. The unit was operated over its anoroximate 
maximum speed renge with varicus amounts of air bleed. 
Because the burner temperature was not uniformly distri- 
buted over the burner area end to keep the lubricating 


Oi] at a safe maximum, s very safe maximum of 12,520 r.p.m. 
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and 5.5% bleed was used for this report. 

It wes found that in the first several teft runs 
the unit was unstable. ‘This was found to be due entirely 
to a dirty partially clogged spray nozzle. in subsequent 
test runs, after the cleaning of the nozzle, the unit was 
very stable. It would maintain a steady r.pem. and burner 


temoerature for as long as two hours. 


INTRODUCTION 


os This report is the third in a series done on the 
Generel Electric Educational Gas Turbine. All three re- 
ports were done under the co-ordineted quidence of Pro- 
fessor Neil P. Bailey and Professor F. J. Borat. The 
. ae was an analytical report on calculations for 
the Educational Gas Turbine by L. Cdr's. Dixon and Tugeng 
and Lt.(j.g.) Bodnaruk, U.S.N. The second report was con- 
cerned primarily with operating renge, performance, and the 
determination of turbine area to be blocked off. This re- 
vort is based primarily on the determination of the per- 
formance characteristics, and accuracy of measured gas 
stream temperatures. 

This educational ges turbine was. manufactured by the 
Aircraft Gas Turbine Division of the Generel Electric Con- 
oany for use by the Mechanical Engineering Devartment of 


Rensselaer Polytechnic Institute, Troy, New York. 
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EQUIPMENT AND PROCEDURE. 


Oe The unit usec for this report was the General Elec- 
tric Educational Gas Turbine as described in Reference I. 
This unit is mede up vorimarily of a Be22 turbo-suver-charger 
consisting of single stage centrifugal compressor and a 
Single stage impulse turbine. The B-22 turbo-suver-charger 
is equippnved with a combustion chamber, compressor inlet flow 
nozzle venturi, comoressor discharge bleed off and accessory 
equipment for use in the study of Ges Turbine Performance. 
The can tyoe combustion chamber is of reverse flow tyve and 
is 92 inches long. The straight section of pine from the 
perforated inner lines to the nozzle box inlet hes been in- 
cluded in this design to provide for more uniform tempera- 
ture and oressure measurements over its cross section. Op-= 
posite the compressor discharge connection on the combustion 
chamber is a 4 inch line through which eir may be bled 

for use on other apolications and thereby varying the tur- 
bine operating conditions. By use of this bleed off, 
variable fuel air ratios and turbine icine ete can be 
obtsined for constant compressor operating conditions. The 
inlet air to the compressor is measured with a 7 inch 


double venturi flow nozzle. The rotor speed is measured 


by a tachometer thet indicstes one revolution for every 
9.5 revolutions. Kerosene is sudvlied to the burner fuel 
nozzle at 150 psia by en externel hign oressure pump. Al- 
though the fuel nozzle tips are reviacable, the same tip 
was used throughout this investigetion. The turbine wheel 
and bearing housing of the turbine is cooled by an remote 
blower suvolying 200 cfm. Ignition is started by a single 
electrode svark plug located in the burner near the sprey 
nozzle. 

The only method of avovlying an externsl load to the 
unit wes by use of the bleed eir. Air wes bleed off from 
the comoressor discharge to the etmospnere by means of a 
bleed off valve. The speed of the unit was controlled by 
a throttle which regulated the fuel supoly. The unit had 
three sefety circuits. The meximum burner pressure wes 
25 pounds gage. A vressure switch was loceted in the com- 
pressor discharge line which was set to trio at 22 vounds 
gege. The maximum nozzlebox tempereture was 1600°F. A 
thermo switch wes located nesr the nozzlebox inlet on the 
combustion chamber with a setting to shut off the fuel 
supoly at 1600°F. The turbine exhaust line is equivped 
with a sensing thermo switch which closes the burner cir- 
cuit as soon as a temverature of 3OO°F is reached. This 


thermo switch operates in conjunction with e delay relay 


which holds the burner circuit closed for 10 seconds. At 
the end of 10 seconds if the exhaust temperature is not 
above SO00°F. the ignition and fuel supply is automatically 
shut off. This minimizes hot starts by vreventing long ate 
tempts to start the unit. Starting air was obtained from 
a remote conpressor which mainteined a continuous supoly of 
alr at 90-95 psila gage. 

For complete details on the starting and operation 
of the unit see Reference I. The complete instellation was 
instrumented to obtein all the necessary data to obtain 


performance characteristics in the following moetter. 


i.) Comoressor Inlet. 

The inlet pressure was assumed to 
be atmosoheric and was measured by a stand- 
erd Navy mercury barometer. The temperature 
was measured by two Weston Model 226 L O02 
testing thermometers placed in the inlet 


protection screen. 


2.) Compressor discharge. 
The total discherge pressure was 
measured by a total impact tube. The temp- 


erature was measured by three copnver-constantan 


bare tipped thermocouples vlaced evenly 
about the discharge duct of the compressor. 
The thermocouples were ali uniformly inserted 


to a depth of 2-3/16 inches. 


5.) Burner Discherge 

The burner ges stream temperature 
was measured at the discharge end of the burn- 
er by three bare tipped chromel-alumel thermo- 
couples placed at 90, 180 and 270 degrees a- 
round burner end inserted to a depth of 2.3/3 
inches. The static pressure was measured by 
three static pressure tens in the same plane 
as the thermocouples: these pressure tavs 
were manifoled together and the pressure in- 
dicated on a mercury column fage. The burn-= 
er wall temvereture was meesured by e bare 
tinved iron-constantsan fastened securely on 
the outside burner wall in same plane as fas 
stream thermocouvles by a heat resistent voutty. 
The outside burner wall was thoroughly cleaned 
with a file and abrasive clomof all scale, 
rust and dirt before puttying on the thermocou- 


ple. 


Aen lnket fur 
- measured by a 7 inch double venturi 
flow nozzle with a conventional manometer 


connected to the inner venturi throet. 


5.) BleedAir 

The amount of air bleed was measured 
by a 1.25 inch squere edge orifice mounted 
in the four inch bleed line, witn "vena 
contracts" pressure tavs. The tempersture 
of the bieed air wes measured by two bare 
tlioved covver constantan thermocouvles mount- 
ed in the bleed line 2O inches uo stream from 
the orifice and inserted to a deoth of 1-13/16 


inches. 


6.) Speed 
The sveed wes indiceted on a stand- 
ara electric techometer. The actual r.o.m. 


was 9.5 times the indiceted r.v.m. 


7.) Fuel Flow 

The fuel wes taken from an outside 
275 gallon storage tank by an electric driven 
pump and pumpned into a 10 gallon day tank. 


Tris tank wes calibreted so that fuel used 


could be measured. The excess fuel from 
the nozzle was also voumved back into the 
day tank to keep fuel temperature constant. 
All trermocouvles led to a selector switch on the 
control panel. The seiector switch was connected to a 
stendard Leeds and Northruv potentiometer. 
the compressor discharge, burner discharge, bieed 
air, end turbine exhaust were measured on 60 inch single 
leg mercury manometers. The inlet air venturi, bleed air 
orifice and turbine wheel pressure drops were measured on 


double leg water manometers. 


Exhaust Gas Analysis. 


The comvosition of the exheust gases wes measured 
by a stenderca Orsst Analysis Apparatus. The Orsat samvle 
line was connected to an imvact tube that was inserted in 
the turbine exhaust line at the same place where the tur- 
bine exheust pressure wes messured. Because of the whirl- 
ing motion of the gases in the exhaust line, the exheust 
line was probably not flowing full. Therefore about 40 
aifferent samples were taken at various redii of the ex- 
naust line. pon adenenm aifficulty was encountered in 
Obtaining a true exhaust gas analysis. However witn the 
sampling tube close to the exhaust wall a number of sam- 


ples were obteined thet checked very closely. (See png. 9a) 


The standerd vrocedure followed in all tests was 
heat the lubricating oil to 100°F prior to starting. After 
starting the unit wes allowed to warm uv for 15 to 20 
minutes to allow it to reach a stable overating condition. 
For eech run the unit wes eliowed about 10 minutes to reach 
a stabie operating condition before any data was taken. The 
r.D.Me was constantly checked during each run. The best 
method of recording fuel comsumption wes to record fuel lev- 
el at the start of the run and at the end. This usually 
took about 10 minutes. Runs were mede at constant r.p.m. 
and various air bleed for ea number of Y.n.m. Also constant 


air bleed and verious r.p.em. runs were made. 
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Method of Use of Exhaust Gas Analyzer. 


1.) Apparatus was completely over- 
hauled. New hoses were installed 
to insure thet there would be no 
leakage. New chemicals were in- 
stalled in CO5, Oo and CO absorber 


bottles. 


2.) Exhaust gas semple wes brought 
into semole tube sand exheusted to 
atmosphare about 10 times before 
each samole was analyzed to insure 


& true ges sample. 


5S.) Exhaust gas wes run through 
COs, Oo + CO, absorbers twice before 


recording amount. 


4.) After sample was passed tnrough 
C), it wes passed through COo ab- 
sorber before recorded to remove 


HCl vapor 
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RESULTS AND DISCUSSION 


4. It wes found during the first stage or the investi- 
gation thet the unit was unstable in its operation. How- 
ever, after thorough cleaning of the spray nozzle the unit 
became very stable and would hold a given r.p.m. for as 
long es two hours with one fvel setting. Also a large 
veriation in temperature distribution occurred in the burn- 
er gas stream. At first it was thought that a thermnocounle 
was defective. However, after switching the thermocouvles 
around, it was found that the very same temperature dis- 
tribution existed. Therefore it was assumed that there 

was a vaeristion in the burner temperature distribution, 

as high es 1o0°F, and the average temoerature of the three 
thermocouples was used in all comnutations. This variation 
of burner temverature eround its circumference was found 

to be constant under the same conditions of burner temvera- 
ture snd r.p.em. Thet is et 10000 r.pv.m. the high tempera- 
ture wes elways Tound to be st the same position on the 
circumference of the gss stream. However as the r.v.me 

was increased the high temoerature moved in a counter- 
clockwise manner. This change wes uniform and always in 
the same direction. However at higher r.vo.m. the varia- 


tion in ges stream tempereture became less. In other 


day 


words, as the r.v.m. increased the burner gas stream tempera- 
ture tended to become more uniform. It is felt by the au- 
thor thet there is room for an intensive study of the temp-~ 
erature distribution over a cross section of the burner area. 

Figure No. 1 shows the comovressor test pvressure 
ratio, Pc/P} vs. Compressor Speed. All test date fitted 
in very well. 

Figure No. 2 shows the compressor air flow in 
CFM at standerd conditions plotted vs. r.p.m. Again all 
the test data fell along curve very well. 

Figure No. 3 shows the compressor efficiency plotted 
vs. corrected compressor speed. 

Figure No. 4 shows the fuel rate vs. fraction of 
inlet air bleed for various r.o.m. The data fell in quite 
well. 

Beceuse the performance of the gas turbine was de- 
sired as a function of speed and burner temperature only, 
the effect of inlet temperature was eliminated by reducing 
the air flow in CFM to standard conditions. Where weight 
flow was used in computations it was also converted to 
standard conditions. The effect of comoressor inlet tem- 
perature uvon compressor work was elimineted by determining 
the work as ea function of comvressor vressure ratio end con- 
pressor efficiency end assuming e stendard inlet temperature 


of S9O°F, 


ee 


Figure No. 5 shows the relstionshio between, Burner 
temperature , Comoressor Pressure ratio, Turbine Pressure 
ratio, Iniet Air flow and Convressor efficiency vs. ESS. 
of inlet eir bleed. p/P, was practically constant for 
all values of portion of air bleed. The comnoressor effi- 
clency dropoed off slightly for higher values of air bleed. 

Ficure No. 6 shows the effect of rotor sveed siecle 
let temverature uvon Compressor efficiency, turbine efficiency 
and Machine efficiency. Coimoressor efficiency increases with 
cepeed but decreases slightly with an increase in turbine in- 
let temoerature. The turbine efficiency decreesed with 
speed. However it increased with temverature from 1400°F 
to 1450°F, then dropped off egain for 1500°F. The machine 
erIficiency increased slightly with speed. 

Figure No. 7% shows gross turbine power , net turbine 
powers, and Turbine Air rates vs. turbine speed for various 
turbine inlet temveratures. The gross turbine voower in- 
creased preatly with r.pem. end temoerature. The net tur- 
bine power remained alnost constant, the turbine air rate 


decreased slightly with temperature and speed. 


Orsat Results. (See Samole Calculations) 
The sir fuel ratio es obtained from the Orsat Analy- 
sis checked very well with the one obtained by the actual 


measuring ©@8 the Tigel a sir Guring the run. Terefore, 


it wes assumed thet the Orsat Analysis wes accurate. Also 
the true gas stream temperature checked very weli with 
thet obtained from a heat balance set uv from the exhaust 
gas enalysis. The true burner gas stream temverature wes 
found to be 1365°F. From the exhaust gas analysis, the 


burner gas stream temnereture wes found to be 1540°F. 
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RECOMMENDATIONS 


Ore It was found during the overation of tne unit that 
800 indicated r.p.m. was a critical speed. Thet is at 800 
indicated r.p.m. a vibration wes set uo that would trinv one 
of the automatic shut-off circuits snd the unit would auto- 
matically shut down. This did not havven at any other 
r.Do.m. Therefore, it is recommended that the unit be 
warmed uv at a greater speed, one of at least 1,000 indi- 
cated r.p.m. Also because of the fuel system used when 
fuel is constantly flowing from the day tank to the burner 
nozzle and tne excess fuel dischargine back into the day 
bank, there is some oscillation in the fuel level. MThere-~ 
fore to obtain accurate fuel consumpotion, fuel measurements 
should be measured over veriods of at least 10 minutes, 
oreferably 15 minutes. This will cive adequate accuracy 

in fuel measurements. 

It is also suggested thet the bleed valve be checked 
for faulty overation. There was considerable oscillation 
in the bleed air manometer at high bleed. Perhaos insert- 
ing about 10 to 20 additional feet of flexible tubing in 
the line would overcome this. Also additional burner wall 


temperature thermocouvles could be advantageously used 


TOI TS a 
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around the burner, elso it is felt that there might be a 
etudy carried out of burner temperature distribution. Also 
a study of burner temperature and unit operation might be 
made using various burner sprey nozzle tins. The burner 
spray nozzle should be taken out sand cleaned efter each 
10 or 15 hours of operation. 

It is felt thet the unit is in Boae opereting con- 
dition but it takes an operator about 10 operating hours 
before he is familiar enough with the installation to vwe 


it to its ulmost advantece. 


Tr 


tr 


SF 6s 0 eee 


ct 
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NOMENCLATURE 


The following nomenclature is used in this report. 


vive or duct area - ft. 

Bape or duct diameter —- ft. 

mess flow ver unit of cross-section area 
= Lb. m/ft.< SEC. 

ecceleration of gravity = 52.2 ft./sec.” 
horsepower 

enthalpy - BTU/1b or BTU/Mol. 
differential manomenter pressure - inches of water. 
orifice coefficient 

mechanical work - BTU/Min. 

potentiometer reading - millivolts 
rotative speed —- R.P.fi. 

Reynolds! number 

oressure - inches of He. 

Pressure - 1b./ft.© 

volumetric flow rate — CFM 

gas constant = 535.4 for air 

temperature -—- OR 

temperature — °F 


t (star) = actual burner gas tempereture 


~~ DS # < 


sb OD 


3 


SUBSCRIPTS 
a 


AV. 


b. 


1, 


force@ convection film coefficient 
BTU/hr - et.” - OF, 

velocity -— fps. 

weight rate of flow - 1b./min. 
orifice - pipe diameter ratio 
efficiency, exoressed as decimal 
retio of specific heat at constent pressure 
to specific hest at constant volume 
= 1.595 for air at low temperatures 
mass density - slugs/ft.” 

mass density - LD yar. 


absolute viscosity - 1b.,/ft.-hr. 


actual or test conditions 
average 

bleed air 

compressor 

fuel 

indicated 

mass or mean 

orifice 

standard inlet temperature conditions of 59°F. 
constant entrovy process 
turbine or thermocouovole 


wall 
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SAMPLE CALCULATIONS 


oie This calculation is for run No. 8a - all other runs 


were calculated in exectly the same manner. 


is No = Ny x 9.9 = 1260 x 9.5 = 12,000 
ae t, = Wee +8856 = Bon 1°P 
a 
= a t + 460 
S. Ng = Ny {t1./tip ae | is 
Vig + 460 
= 12,000 O19 
042.1 
= 11,770 Y.pem. 
4. To find W, 


h (inlet air venturi) = 3.4+4,6=8.0"H50 
Inlet alr temverature tin = S62, 20) 
Pa = Poor a Eo. (irae. 


- « from curve Now P-1097802 of reference 1 


W, = 86 lbs.per minute. 


ee @0= a 5 = 68 bodoeeex 64R,1 =—e5 C.Mey- 
Py Bomaic &WO.78 
o. Qs = Qa Tis 
“4a 
= 4a5 _519 
542.1 


1100 C.F.M. 


10. 


li. 


‘Ud 
ti 


NH 
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woe ' Gig. gage 


296012 +E%ec = 5659012" Age. skiba 


Po/P, = 36.912 = 1.355 


oe Eee 


Sete 


Comoressor discharge temverature 


Mp. wa. =e veut eee ="2.15 Me, 
ne 


from reference No. 8 


LOenainG 


I}e 


Nc 


To find 
(a) ev. 
M,. 


te = 98 + potentisl temperature 


Gs +76 = 17Cen 


Comoressor efficiency 


gi K-11 = .283 
(P5/P}) - 1 


we, = 
ti 


283 | 
(1.355) -l1 = .845 = 54.5% 
so # = 1 
542.1 


the weight of bleed air - W, 
My from thermocouvles 4 end 5 


(ae) = 104 + 1A = 132 


from reference No. 8 


tz= 66 + 78 = 144°F, 


£0 


(b) For a stendard square edged orifice 
Vo = K [24P, 


% 


where 7, is measured on the unstream side of 





Oritice in ,theweteed air vice, 


Since eC, ~ ?. Ee Ps 


een. 
5 (2g-8 
P3 


gk Ts 





h = Lew HoO 
Pz = 406.5 " Ho0 
604°R 


3 
Cn 
i 


is found by trial and error. Since K is a function 
of Reynolds! number. 


For first trial assume K = .605 


Vo = -605 (Dh x 3330 Ts 


Ps 


=Ges 20s oocen ( 604) 
“65 °° ~~ 
= .605 Y 9,900 





= .605 x 99.6 

= 60.3'/sec. 
but NR, = 3600 x Yo x Ca x Do AA, ~ .0¥90 
where On = i = 406"Ho0 x 5.204 


R TS 55.0 xX 604 


= .0606 pounds Inass ner cue [te 


des 


cor 


me 


From table of reference 5 velue of K = .605 for 


(G3 = diam orifice Ver Boyseo 


Inside Bleed pipe ) 


(3= 1.25 = 0.319 





therefore Vy = 60.3'/sec. 


sity = Gm to Yo x 60 


1, 


where 4o = ‘'/4 (1.25)* 
al 
. » Wy = .0656 x .51 x 60.3 


Wp = 2.02 1lbd per min. 


Fraction of inlet air bleed 


Wot, = 2806 = 60255 
rece 


Calculation of burner ges stream temperature 


From reference 4 a graphical solution for find- 


ing the thermocouple radisticn was used. 


(My, ,) for thermocouple 6, 7 and 8, 
MeVeay, = £0.4 + 2o00e+ 29.0 = 26-40. 
we 
trom reference 8 
tes = 78 £ 12355 = 151198 
Tor wali temperature 
My = 2209 


tys = 78 + 757 = 835°R 


Le 


The weight flow at the burner discharge 


We = Wo = Wh + Wg 


= 85.34 lbs. per min. 


ew 8G 


Ws lbs./sec 
Area 


= 85.34 x i 9 
60 rr) (7.69) 
4 “Ts 





4,39 lb m/ft.“-sec. 


The determination of U from Figure 8 is by trial 
and error. 
Estimating a gas stream temverature of 1400°F 


from Figure 8 = 0.92 


eS 


eye 
l 


.. G's ¢x 92 = 4.39 x .92 = 4.04 1b./ft*-sec. 
from Figure U' = 96 


U = U'x2.15 = 96x1.15 = 110B.T.U./Hr.-ft~-oF. 


From Figure 9 ty-tea = 1OOF 
bey, = 151] + 855 = 1075 
Z 
sin a = LO + er= TWOSolr 


1311 - 8355 = 476°F 


ct 
ct 
| 
ct 
S 
il 


LO 


Consequentiy using 
U = 110, ieee LOeS°, tp—ty = 476°8 
From Figure 10 be ei a) Cece 


therefore te = t, + O7°F = 1311 + 97 = 1408°F 


14. Pe 


29,712 + 10.4 = 40.112 " He 


15. Pe = 29.712 + H"HoO = 29.712 + .607 


15.6 


00.519 


16, Ps/Pg = 40.112 = 1.325 
30.319 


Performsence Data 


Computations 
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From Figure 5 - See Table 2 


For a 


Wy/ We 
Rg 
Po/P} 


17. 9 


It 
& 
co 
~ 


1100 


1} 


84.5 


84.0 


speed of 13,300 


Pis 
i US 


Pr.eO-eMe tos = 1400 


Standard Conditions 


Assumed 
t = 59°F 
P = SO200 a He. 


x SOOO x 15.6 x 62.4 


eZ 


53.4 x (519) 


lb./Min. 


Wp/ We = We x W/W, 


x 305 


Actual turbine work 


19 js 
ideal turbine work 


Pua PHe/ mine 


= turbine efficiency. 


The ideal turbine work is defined es the work or a 


constant entrovy turbine operating between the actual tur- 


bine pressure ratio. The ectual 


be equal to the compressor work. 


turbine work is assumed to 


ZO 


Actual turbine work Le, = ine (ho-hj ) 


Ideal turbine work Ei) eo = We (hs5-he) 


In order to find ho-hj, and he-Neg 


where Ty, = 9519, Ts = 1860, To and Tg must be found. 


a al 
ey yi E hay a) ro 1 
Ne 
519 [2 + (igs \ 
1525 


608°R 


Therefore using Table 1, reference ll, 


Lp, = 84.5(2136) = 1805 BIU per min. 
+o find Te, 
Using table 4 of reference ll 
ia 4 Pre = 146.5 = 107.4 
5/P6 1.352 


» e fron Table 4 
fe = I7sork 


From Tables of reference ll, Mew of fuel = 28.925 


W t 


Wa-W ot Ng 


B35.54 PS, ye 
Wi. . =a (MH) = 2900 BTU/Min. 
2 


eo 


ee qt = 1805 = .623 = 62.3% 
2900 
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ie * R 


= .623 x .025 = .3528 


20. Nn 


el. Turbine Horsevower is equal to Lp 
a 
e « = 1805 = 42.7 
42.435 
nae The net horsevower is equal to work of comoressing 
Bleed amr. 
42.43 


2.54 (21.56) = 1.95 
42,43 


Eee Air rate = W,/HP+ 


42.7 
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Sample Calculations for determing A/F ratio and 


burner gas stream temperature from exhaust ges analysis. 


Exhaust Gas Composition from Orsat Analysis 


C05 = 2.4% 
O5 = 16e2% 
Ce = Force 
Moles OC Moles Oo Moles Ho 
C05 L2e4 D4 oe —, 
cO Oa OnG 0.3 = 


No 80.8(by difference) 


HoO Dek ee Dok 
TOTALS 105.2 520 re Dek 
Total O57 = 80.8 x 21 = 21.5* moles 
ao 


ibs. air = 202.5 x 286 = 2950 ibs. 
lbs. fuel- 10.41 x 36.0 = 46.4 lbs. 
A/F = 2950 = 64.5 
46.4 
Air fuel ratio as measured by actuel fuel loss and 
welght of inlet air. 


Weight of fuel used per minute = .1490x7=1.044 


ZO 


To find W, 
Po=P) = 29.620 " Hg. abs. 
Inlet eir Temperature = 80°F 
Inlet sir venturi h= 109 + 2.9 = 4.6 9 150 
From Curve Wp = 68#/Min. 


e A..F = 6.8 = 695 


64.5 = 65 therefore Orsat Analysis Assumed 


to be correct. 


To solve for Burner Temperature. 
this is a trial and error solution. 
Knowing To and estimeting T- 
L.H.V.(Wy) = W AH 


LH. Ve (We )=Wooot HCOo+WOot HoOotWootr HootWNot Ane 


*WH50* Hoo 


hp De 
for Tos=1800°R 
lbs. COp = 101.1 14 326.4 31, 500 
Oo = 52 15 304.6 150, 000 
CO 16.8 ite 332.4 53, 000 
Ho 2250 16.9 328.9 650, 000 
H50 93.5 52.9 617.9 46, 000 


Total 880 , 500 


Ze 


if HOV. (Wy) = W h 
46.4(19,000) = 880,500 
880 , OOO = 880,500 


»- »« Burner temperature is 18009R = 13540°F 


True gas temperature was calculeted by method pre- 
viously exolained to be 1465°F. 

Therefore both methods check fairly well. So cale- 
culations vreviously used for burner gas stream temperature 


Can be assumed to be accurete. 
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TABLE Id 


ORSAT ANALYSIS DATA (10,000 r.v.m.) 


Op 
12.9 
aired 
14.0 
12 
16.2 
aod 
16.2 
16.2 
16.2 


CO 

0.8 
0.4 
On? 
eat 
Once 
0.7 
0.6 
0.6 
0.6 


Sample teken at 
same distance from 


outside of gas stream 


TABLE Te 
VALUES OF K 


REYNOLDS NUMBERS 
15,000 25,000 35,000 50,000 75,000 100,000 


K 
¢ 000 6081 ~ 6054 ~ 6039 » 6027 ~ 6015 - 6008 


5.50 ~ 61235 » 6069 » 6081 « 6067 - 6055 ~ 6047 


Test 


On 
oMmQoP m™HO020Q 0 


mHhoaadaao 


mOoaQ oY 


Ne 
9500 
9250 
940 
2400 
9500 
9400 
9500 


10920 
1@2Z0 
10920 
10220 
LO720 


10000 
10000 
10000 
10000 

9800 
10680 
11400 


1C000 
LOOOO 
11920 
11900 
e220 
10000 


Ne 


9260 
8800 
8950 
8950 
S220 
9060 
7200 


7 oo 
10750 
10750 
10'740 
10740 


9780 
9780 
9775 
9780 
9600 
10400 
PierOO 


9'7 60 
9800 
11660 
1is20 
10700 
10700 


TABLE 2a 
tie, to 
85 ial 
85.1 152.5 
84.6 153 
84.5 153.8 
87.5 154.3 
82.75 146.3 
84.75 149 
76.75 156.8 
76.9 lmoae 
76.5), gee 
77.75 164 
ever L7One 
20.6 154.1 
81 156.0 
82 ieee 
81 159.6 
80.6 157.6 
82 164.2 
82 178.5 
83.1 160.6 
79.3 160 
80 180.8 
fol dae 
82.3 167 
81.3 155 


ts 


119.0 
144.1 
150.6 
Yer. G 
163.7 
159.5 
162.2 


135.26 
174.2 
Same 
io2. 0 
178.0 


125.3 
145.6 
157.1 
POOee 
157.4 
od se 
154.9 


154 
183 
185 
VSO 
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(RESUL’'S) 


ts 


UO «a. 
1242.5 
270.0 
1276.5 
277% 30 
ie. O 


1ZbG.c 
IZ21.6 
Leela. 2 
1307 

LIL ae 


1220, 1 
1241.4 
lZo7 «1. 
1285.6 
1235.8 
1228.4 
1245.7 


1205 
1315 
Lege 
13035 
L225, 
Hye silo 


is 


1090 

LOG .« 
LIaeec 
1152.6 
TT Seas 
1114.38 
1136.8 


Lizess 
1147.4 
INO Gwe 
ae 

Te oec 


1090.0 
Og. 2 
1130.1 
1156.4 
1103 

1038 

1104.5 


we 
779.7 
787.5 
823.7 
836.7 
843.5 
829 .3 
843 


pel. 7 
854 

844.9 
846.7 
873.35 


789.4 
802.35 
811.8 
842 

O00 
806.5 
851.5 


Gio 
820 
830 
832.2 
864.0 
und 


owe 
750 
748.2 
778 
ao. ¢ 
778.5 
774.5 
784.7 


Oo 
8035.7 
809.2 
807.7 
815 


744.4 
760 

770.29 
CoO. 
(96%. 7 
760.9 
747.2 


Test 


CK 
o0M@Q0 eahHhOoOAO o' ® 


mrRHOaAA TD 


HO UO O' 


Wa 


G2, 
69.0 
69.0 
70 .6 
V2.0 
Cea 
720 


75.0 
81.0 
6240 
Bi0 
82.0 


Gone 
7369 
Tone 
75.0 
‘Cian 
80.9 
85.6 


75 
Te 
88 
88 
82 
76 


945 
945 
943 
961 
995 
985 
95 


1030 
1110 
IZ 
UES 
LiZe 


995 
1004 
1005 
1000 

965 
1100 
1140 


woe 
985 
1095 
12095 
EZ 
10382 


Re 


gel 
921 
926 
939 
968 
964 
965 


1010 
1096 
1105 
1095 
1108 


975 
985 
986 
ee 
945 
1078 
ee 7 


970 
969 
O70 
1175 
1094 
1010 


TABLE 


Po/Py 


lege 
1.205 
1.210 
1.209 
210 
ie lO0 
1.210 


legs 
1.286 
Taew 
1.285 
1s2eo 


1.242 
eur 
1.256 
1.259 
1.2350 
ice 
1.5185 


1.24 

1.258 
1.549 
1.547 
eee 
lezec 


2a, 


Cc 


0472 
0452 
491 
0454 
0404 
~462 
466 


48 

- 407 
- 404 
- 408 
0429 


2483 
04438 


P5/P¢ 


1. eg 
1.180 
1. 485 
1. 0 
1. Io 
1.185 
1.188 


1.254 
1.260 
1 eel 
1.258 
1.255 


lize 
1.215 


4449 1.216 


04354 


We ao 


4255 1.204 


484 
2448 


0436 
~ 407 
0475 
-495 
0471 
455 


1. 
1.280 


1d wadee 
eee 
1.316 
oil 
ie 20s 
1.214 


(RESULTS ) 


Wh 
O 


O15 
5.65 
5.72 
4.36 
0.04 


Ih €209 00 00 

oa e e 
OQ Ois OO 
HOP 


O 


W/W 


O 
00254 
-0456 
-0518 
-0517 
.0698 


20267 
~0347 
~0414 
-0477 
.0564 


O 


1.825 .0248 
2.042 N29S 


52ed4 


O 


O 
QO 


5-02 
5.66 
5-07 
5.68 
5.59 


20458 
0 
O 
0 


~042 

~0416 
0349 
0449 


We 


1.05 
1.05 
1.05 
1.09 
1.05 
Li3OO 
e200 


1.05 
1, Go 
1.08 
1,25 


1.05 
1.29 
1.295 
1.05 
ee ao 
Lvaeo 
1.09 


1.05 
1.55 
1.40 
1.40 
1.55 
1.05 


Cs 


1595.1 


1372 
Tog 
1386 
1387 
1351 
1401 


1393 
1421 
1435 
1427 
1450 


1550 
1371 
1387 
1413 
1364 
1358 
13574 


1505 
1410 
1405 
1598 
1585 
1566 


Test 
No 


ono M 


oac0o0 


Na 


15200 
13220 
15200 
135220 
LSEZS 


15200 
15200 


12000 
LZ000 
12000 
12000 
12000 


T2300 
12950 
T2200 
12900 
12900 


Too 0 
L220 


Lae O 
11770 
11760 
11750 
11750 


TABLE 2b 


84 
86 
85.5 
89.0 
87.5 


85,5 
88 


82.1 
S20 
85.1 
85.6 
85.5 


1gie 
2Ol 


(RESULTS) 
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200e 182 
199.5 1935 
ZO. LS 
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